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ABSTRACT
Based on experimental mass hierarchy, a set of flavor{democratic (FD) quark
mass matrices at low energies is discussed. The model predicts CP violation
parameters JCP = (0:3 0:2) 10−4 and "0=" = (0:6  0:5) 10−3. However, this
simple FD model also predicts a physical top quark mass not much higher than
100 GeV. As a next step, we assume that the Standard Model (SM) breaks down
around some high energy , and is replaced by a new FD flavor gauge theory
(FGT). This possibility can be investigated by studying renormalization group
equations for the Yukawa couplings of SM with two Higgs doublets for various
mt and vU =vD . With appropriate flavor{democratic boundary conditions at
FGT, bounds on masses of top quark and tau-neutrino are derived, which are
compatible with experimental bounds.
1. Flavor Democracy at Low Energy
In the standard electroweak theory, the hierarchical pattern of the quark masses
and their mixing remains an outstanding issue. While a gauge interaction is char-
acterized by its universal coupling constant, the Yukawa interactions have as many
coupling constants as there are elds coupled to the Higgs boson. There is no appar-
ent underlying principle which governs the hierarchy of the various Yukawa couplings,
and as a result, the Standard Model of strong and electroweak interactions can predict
neither the quark (or lepton) masses nor their mixing. This situation can be improved
by assuming a universal Yukawa interaction. The resulting spectrum consists then
of one massive and two massless quarks in each (up and down) sector in the three
generation Standard Model. This flavor democracy (FD) has recently been suggested
by Koide, Fritzsch and Plankl1, as well as Nambu2 and many other authors2 as an
analogy with the BCS theory of superconductivity. In this Section we will discuss
Talk given by C.S. Kim at the Workshop on Masses and Mixings of Quarks and Leptons, Shizuoka,
Japan, March 19-21, 1997. Proceedings will be published.
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how this flavor symmetry can be broken by a slight perturbation at low energies, in
order to reproduce the quark masses and the CKM matrix3. As a result, predictions
for the top quark mass and for the CP violation parameter JCP are obtained. This
Section is based on a work by Cuypers and Kim11.















~ + h.c.) : (1)
Here, the primed quark elds are in a flavor [SU(2)] basis of the SU(2) U(1) elec-
troweak gauge group { the left-handed quarks form doublets under the SU(2) trans-
formation, Q0L = (u
0
L;
d0L), and the right-handed quarks are singlets. The indices i
and j run over the number of fermion generations. The Yukawa coupling matrices
ΓU;D are arbitrary and not necessarily diagonal. After spontaneous symmetry break-
ing, the Higgs eld  acquires a nonvanishing vacuum expectation value (VEV) v














jR + h.c.) ; (2)






Mass matrices MU;D are diagonalized by biunitary transformations involving unitary
matrices UU;DL and U
U;D
R , and the flavor eigenstates are tranformed to physical mass
eigenstates by the same unitary transformations,
UU;DL M
U;D (UU;DR )








L;R = dL;R : (4)
Using the recent CDF data4 of the physical top mass mphys:t  175 GeV, the diago-













The rst two eigenvalues in both matrices are almost zero (almost degenerate) when
compared to the eigenvalue of the third generation. In order to account for this large





264 1 1 11 1 1
1 1 1
375 and MD0 = mb3












Arbitrariness in the choice of the Yukawa Lagrangian has been substantially reduced
with this symmetric choice. Each (up or down) quark sector is determined in this
pure FD approximation by a single universal Yukawa coupling.
To induce nonzero masses for the lighter quarks and to reproduce the experimental
CKM matrix, small perturbations have to be added to the universal Yukawa interac-
tions. One possibility is to analyze eects of the following two kinds of independent
perturbation matrices
P1 =
264  0 00  0
0 0 0
375 and P2 =
264 0 a 0a 0 b
0 b 0
375 ; (8)
; ; a and b being real parameters to be determined from the quark masses. For
simplicity, these perturbations can be applied separately. Quark mass matrices (in a
flavor basis) are then sums of the dominant universal FD matrices (6) plus one kind
of the perturbation matrices (8). One then has to solve the eigenvalue problem
det jMU;D − j = 0; where MU;D = MU;D0 + Pi and  = m1; −m2; m3 ; (9)
and m1 = md or mu; m2 = ms or mc and m3 = mb or mt. The six parameters of the
perturbed matrices MU;D (e.g., mt; 
(u); (u); mb; a
(d); b(d)) are uniquely determined
from the experimental input of the ve light (current) quark masses and the choice




375 UDyL ; (10)
where phase angles  and  are introduced phenomenologically to generate possible
CP violation in the framework of the three generation standard CKM model. The
CKM matrix is then uniquely determined by the arbitrary input of the two angles 
and  in (10).
To determine these eight perturbation parameters, a 2 analysis was used. For
the rst ve quarks, the masses obtained by Gasser and Leutwyler5 can be used.
No constraints on the top quark mass were imposed. Additional constraints were
used { for four degrees of freedom of the CKM matrix coming from two sources.
Information on the quark mixing angles comes from the measurements of the three
absolute values6:
jVusj = sin C = 0:2210:002; jVcbj = 0:0400:004; jVub=Vcbj = 0:080:02 : (11)
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Information on the CP violating phase was taken from the experimental value of "
parameter of K decay
" = (2:26 0:02) 10−3 = BK  f(mc;mt; V ) ; (12)
where f is a complicated function of the charmed and top quark masses and of CKM
matrix elements, and BK is the parameter connecting a free quark estimate to the
actual value of S = 2 matrix element describing K − K mixing. Following Ref. 7,
we used the value of BK  2=3  1=3 :
Analysis showed that only the combination of perturbations PU = P1 and PD = P2
resulted in an acceptable value of 2=d:o:f:  0:6=1. The best t was obtained for
ms = 183 MeV; mt = 100 GeV;  = 0:6
; and  = 5:7 ; (13)
the other quark masses being close to their central values. The three other combina-
tions gave much larger values 2 > 4. It appears thus that the prediction for the top
quark mass from the low energy FD mass matrices cannot satisfy the TEVATRON4






as a function ofmt can also be obtained { the approximate value JCP = (0:30:2) 10−4
is predicted, which corresponds to sin 13  (0:560:37). This result is used to predict
"0=" = (290)  JCP H(mt) ; (15)
where H(mt) is a decreasing function of the top quark mass
8. The predicted value in
the model is "0=" = (0:6 0:5) 10−3, with a weak dependence on the top quark mass.
This prediction seems to favor the data from E7319 over the data from NA3110.
To conclude this Section, we described a new set of quark mass matrices based
on a perturbation of a universal (FD) Yukawa interaction at low energy . The model
contains eight parameters, which have been tted to reproduce the ve known quark
masses (except mt), moduli of three known elements of the CKM matrix, and the
K-physics parameter ". As a result, the physical top quark mass is predicted to
be not much heavier than  100 GeV, and the direct CP violation parameters are
predicted to be JCP = (0:3 0:2) 10−4 and "0=" = (0:6 0:5) 10−3. The analysis will
be improved substantially with a better theoretical knowledge of BK , a more precise
determination of the light quark masses as well as by taking into account the more
accurate measurement of jVcbj and the ratio jVub=Vcbj. This low energy model, based
on a simple perturbation of a universal FD Yukawa interaction at low energies, has
been invalidated by the discovery of the top quark much heavier than 100 GeV.
2. Flavor Democracy at High Energies
Many attempts to unify the gauge interactions of the Standard Model (SM) have
been made in the past { within the framework of the Grand Unied Theories (GUT’s).
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These theories give a unication energy EGUT
>
 1016 GeV, i.e., the energy where the
SM gauge couplings would coincide: 51=3 = 2 = 3. Here, j = g
2
j=4 (j = 1; 2; 3)
are the gauge couplings of U(1)Y ; SU(2)L, SU(3)C , respectively. For the unication
condition to be satised at a single point (= EGUT) exactly, supersymmetric theories
(SUSY) were used,12 replacing the SM above the energies  MSUSY  1 TeV. This
changed the slopes of j = j() at  MSUSY, and for certain values of parameters
of SUSY the three lines met at a single point.
There are several deciencies in such an approach. The unication energy is ex-
ceedingly large (EGUT
>
 1016 GeV) since the proton decay time is large (proton 
5:5  1032 yr). This implies a large desert between MSUSY and EGUT. While elimi-
nating several of the previously free parameters of the SM, SUSY introduces several
new parameters and new elementary particles which haven’t been observed.
It is our belief that it is more reasonable to attempt rst to reduce the number of
degrees of freedom (d.o.f.’s) in the Yukawa sector, since this sector seems to be at least
as problematic as the gauge boson sector. Any such attempt should be required to lead
to an overall reduction of the seemingly independent d.o.f.’s, unlike the GUT{SUSY
approach. The symmetry responsible for this reduction of the number of parameters
can be \flavor democracy" (FD), valid possibly in certain separate sectors of fermions
(e.g., up-type sector, down-type sector). This symmetry could be realized in a flavor
gauge theory (FGT)13 { this is a theory blind to fermionic flavors at high energies
E > FGT and leading at \lower" energies E  FGT to flavor{democratic (FD)
Yukawa interactions. Requirement of reduction of as many d.o.f.’s as possible would
make it natural for FGT’s to be without elementary Higgs. The scalars of the SM
are then tightly bound states of fermion pairs ff , with ff condensation taking place
at energies : Eew  
<
 FGT. The idea of FD, and deviations from the exact FD,
at low energies (E  1 − 102 GeV) have been investigated by several authors1;2;11.
On the other hand, in this Section we discuss FD and deviations from it at higher
energies E  Eew, and possible connection with FGT’s. This discussion is motivated
and partly based on works of Ref. 13.
Let us illustrate rst these concepts with a simple scheme of an FGT. Assume
that at energies E
>
 FGT we have no SM scalars, but new gauge bosons B, i.e., the
symmetry group of the gauge theory is extended to a group GSM  GFGT. Further-
more, we assume that the new gauge bosons obtain a heavy mass MB ( FGT) by
an unspecied mechanism (e.g., dynamically, or via a mechanism mediated by an ele-
mentary Higgs). At thus high energies, the SM{part GSM  SU(3)cSU(2)LU(1)Y
is without Higgses, and hence with (as yet) massless gauge bosons and fermions. The




 FGT) ; (16)
where Ψ is the column of all fermions and B = B
j
Tj . Tj ’s are the generator matrices
of the new symmetry group GFGT. Furthermore, we assume that the Tj’s correspond-
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ing to the electrically neutral Bj’s do not mix flavors (i.e., no FCNC’s at tree level)
and are proportional to identity matrices in the flavor space (\flavor blindness").
We will argue in the following lines that the FGT Lagrangian (16) can imply cre-
ation of composite Higgs particles through condensation of fermion pairs, and can
subsequently lead at lower energies to Yukawa couplings with a flavor democracy.
The eective current{current interaction, corresponding to exchanges of neutral







fi)( fjγfj) (for E  FGT MB) : (17)
Since we are interested in the possibility of Yukawa interactions of SM originating
from (17), and since such interactions connect left{handed to right{handed fermions,
we have to deal only with the left{to{right (and right{to{left) part of (17). Applying






( fiLfjR)( fjRfiL) (for E  FGT MB) : (18)
These interactions can be rewritten in a formally equivalent (Yukawa) form with
auxiliary (i.e., as yet nondynamical) scalar elds. One possibility is to introduce
only one SU(2) doublet auxiliary scalar H with (as yet arbitrary) bare mass MH , by
































; ~H = i2H











where uq1 = u, u
l
1 = e, u
q
2 = c, etc. Another possibility is to introduce two auxiliary











































The cuto superscript E ( FGT) at the \bare" parameters and elds in (19) and (20)
is suppressed for simplicity of notation. Yukawa terms there involve nondynamical
scalar elds and are formally equivalent to (18). Equations of motion show that the
(yet) nondynamical scalars H, H(U), H(D) are proportional to condensates involving
fermions and antifermions { i.e., they are composite. When further decreasing the
energy cuto E in the sense of the renormalization group, the composite scalars in
(19) and (20) obtain kinetic energy terms and vacuum expectation values (VEV’s)
through quantum eects if the FGT gauge coupling g is strong enough { i.e., they
become dynamical in an eective SM (or: two-Higgs-doublet SM) framework and they
induce dynamically electroweak symmetry breaking (DEWSB). The neutral physical
components of these composite Higgs doublets are scalar condensates16 of fermion
pairs H0  ff . The low energy eective theory is the minimal SM (MSM) in the
case (19) and the SM with two Higgs doublets { type II [2HDM(II)] in the case (20).
Hence, although (19) and (20) are formally equivalent to four-fermion interactions
(18), they lead to two physically dierent low energy theories13. The condensation
scenario with the smaller vacuum energy density would physically materialize. We
emphasize that the central ingredient distinguishing the described scheme from most
of the other scenarios of DEWSB is the flavor democracy in the Yukawa sector near
the transition energies, as expressed in (19) and (20).
We note that (19) implies that the MSM, if it is to be replaced by an FGT at high
energies, should show up a trend of the Yukawa coupling matrix (or equivalently: of
the mass matrix) in a flavor basis toward a complete flavor democracy for all fermions,
with a common overall factor, as the cuto energy is increased within the eective
MSM toward a transition energy E0( FGT)








as E " E0 ; (21)
where m0t = mt( = E0) and NFD is the 3 3 flavor{democratic matrix
NfFD =
264 1 1 11 1 1
1 1 1
375 ; (22)
with the superscript f = q for the quark sector and f = l for the leptonic sector.
On the other hand, if the SM with two Higgses (type II) is to experience such a
transition, then (20) implies separate trends toward FD for the up{type and down{
type fermions










as E " E0 ; (23)
where m0t and m
0
b can in general be dierent. Note that NFD, when written in the
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diagonal form in the mass basis, has the form
Nmass basisFD = 3
264 0 0 00 0 0
0 0 1
375 : (24)





































! 1 : (26)
In our previous papers13 we showed, by considering the quark sector, that the minimal
SM does not have the required trend toward FD, but that SM with two Higgs doublets
(type II) does. We also checked that these conclusions remain true when we include
the leptonic sector. When including also leptons (Ref. 13, rst entry), we can neglect
for simplicity masses of the rst two families of fermions, i.e., only (t; b) and ( ; )
are dealt with (here  is the Dirac tau{neutrino), and then investigate evolution of
their Yukawa coupling parameters (or: their masses) with energy. In the case of the
eective 2HDM(II) with only the third fermion family, the FD conditions read as (25)
(last line).
The one{loop renormalization group equations (RGE’s) for the Yukawa coupling
parameters gt; gb ; g; g of the third family fermions in any xed flavor basis for
various Standard Models with two Higgs doublets are available, for example, in Ref.17.
The running masses (at evolution, or cuto, energies E), are proportional to these























































(E) = v2(E) ( 2462 GeV2 for E  Eew) : (28)
We recall that the transition energy E0, appearing in FD conditions (25) and (26),
is the energy above which SM starts being replaced by an FGT and the composite
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scalars start \de-condensing." In Ref.13, we argued that this E0 lies near the pole
of the running fermion masses (E0
<
 pole). We then simply approximate: E0 =






= 1 at E  pole : (29)
These conditions are taken into account in numerical calculations, together with the
low energy boundary conditions
m = 1:78 GeV; mb( = 1 GeV) = 5:3 GeV;
mt( = mt)  167 GeV ; (30)
where m and mb are based on the available data of the measured masses
18;19. The
above value of mass mt(mt)  m
phys:
t [1 + 43(mt)=(3)]
−1  mphys:t =1:047 is based on
the experimental value of mphys:t  175 GeV measured at Tevatron
4. For chosen values




, we found the masses of Dirac tau{neutrino m , which satisfy
the above boundary conditions (29,30), by using numerical integration of RGE’s from
 = 1 GeV to pole. The calculated Dirac neutrino masses are too large to be
compatible with results of the available experimental predictions21. Therefore, we
invoke the usual \see{saw mechanism"22 of the mixing of the Dirac neutrino masses
and the much larger right{handed Majorana neutrino masses MR, in order to obtain





Majorana mass term breaks the lepton number conservation. Therefore, Majorana
masses MR are expected to be of the order of some new (unication) scale   Eew.
We assume: MR  . Within our context, the simplest choice of this new unication





The physical tau{neutrino masses mphys: predicted in this way are very small for the




and mphys:t , i.e., in most cases they are acceptable
since being below the experimentally predicted upper bounds21.
The see{saw scenario leading to our predictions of mphys: implicitly assumes that:
(a) FGT contains in addition Majorana neutrinos, and its energy range of validity
also provides the scale for the heavy Majorana masses [i.e., MR  FGT]. (b) At low
(SM) energies, Majorana neutrinos remain decoupled from (or very weakly coupled
to) the Dirac neutrinos, which is a very plausible assumption in view of assumption
(a). In general, it could be assumed MR  new−scale  FGT, leading thus to even
smaller mphys: than those in (32).
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When increasing mphys:t at a xed vU=vD , m
Dirac
 increases and FGT decreases,
and hence mphys: increases. This provides us, at a given ratio vU=vD , with: (a) upper




MeV21, or  1 MeV, or  17 KeV23); (b) lower bounds on mphys:t for (various) specic
upper bounds imposed on FGT (e.g.,  Planck, or  1010 GeV, or  105 GeV). Even
with the largest possible upper bounds on mphys:  31 MeV and FGT  Planck, we









 225 GeV. Inversely, if mphys:t = 175 GeV
[mt(mt) = 167 GeV], m
phys:
  31 MeV and FGT  Planck, then we obtain rather








To conclude this Section, we stress that we can estimate the masses of top and
tau{neutrino within SM with two Higgs doublets, assuming solely that the complete
flavor democracy should set in at energies where SM starts breaking down. The gauge
theories (FGT’s) which presumably replace SM at such energies remain to be further
investigated. For related detailed information, see Ref.13.
3. Discussions and Conclusion
We discussed on the one hand flavor{democratic (FD) mass matrices at low en-
ergies, and on the other hand conditions under which mass matrices show a trend
to flavor{democratic forms at high energies (in a flavor basis) { a behavior possibly
related to flavor gauge theories (FGT’s) at high energies. However, we found that
the model based on our simple perturbation of a universal FD Yukawa interaction
at low energies has been invalidated, because of the discovery of a top quark much
heavier than 100 GeV. On the contrary, at high energies, assuming solely that the
complete flavor democracy should set in at energies where an eective perturbative
two-Higgs-doublet SM (type II) starts breaking down, we can estimate the masses of
top and tau{neutrino, which are compatible with the present experimental results.
Therefore, the gauge theories (FGT’s) which presumably replace SM at such energies
remain to be further investigated.
In our forthcoming work24, we would like to investigate further the simple FD
mass matrices ansatz which had been applied earlier11 at low energies and had given
experimentally unacceptable mt. We would like to apply this ansatz at a high energy
scale E  pole, employing RGE evolution within a two-Higgs-doublet SM model
(type II). Furthermore, the compositeness nature of the scalars in this framework
should be further investigated, particularly in view of the fact that, for cases when




 1, the usual RGE compositeness conditions at pole suggest
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that only H(U) can be fully composite, but not H(D) (cf. Ref. 25).
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